Abstract: Alteplase has traditionally been the only pharmacologic agent available for treating acute ischemic stroke worldwide, and is considered an effective and safe therapeutic drug for acute cerebral ischemia. However, the drug is usually indicated for use in patients aged ,81 years due to insufficient literature regarding the drug's safety in older individuals. Nevertheless, the elderly can benefit from alteplase after they experience an acute ischemic stroke. Age differences have been observed in the clinical presentation of acute ischemic stroke; however, the safety and efficacy of alteplase for patients with acute ischemic stroke do not depend on age or sex. Evidence of an increasing rate of intracerebral hemorrhage among the elderly with acute ischemic stroke, following alteplase treatment, has not been reported. Severe intracranial hemorrhage is a known side effect of alteplase but is not associated with age in patients with acute ischemic stroke. Alteplase can be used safely and effectively to treat elderly patients who suffer an acute ischemic stroke, including those over the age of 80 years.
Introduction
Stroke and its consequences are leading causes of significant disability and death worldwide. Stroke can occur at any age, and advancing age is a risk factor. 1 Intravenous administration of the recombinant tissue-plasminogen activator (rt-PA) is the only approved thrombolytic treatment for patients with acute ischemic stroke. 2 Elderly, especially those aged .80 years, often present in low numbers in randomized clinical trials demonstrating the lack of data providing clear evidence of rt-PA safety in those aged above 80 years. 2 Thus, alteplase is not routinely used to treat acute ischemic stroke in those aged .80 years in some countries, even though these patients may benefit from this therapy. 2 In recent years, emergency management and treatment protocols for stroke have been evaluated. 2 Effective management is crucial and begins with the organization of the entire treatment chain, from the community and prehospital setting, through the emergency department, to a dedicated stroke unit, and on to comprehensive rehabilitation. 2 If patients meet the strict eligibility criteria for treatment by presenting within the extended therapeutic time window within 4.5 hours of the onset of symptoms, intravenous administration of 0.9 mg/kg (maximum dose, 90 mg) of alteplase can improve the outcomes of acute ischemic stroke, despite the associated increased risk of intracranial hemorrhage. 3 Further, postmarketing studies have confirmed that alteplase can be administered in various hospital settings for acute ischemic stroke.
Intra-arterial revascularization should also fully restore cerebral flow by providing intra-arterial thrombolytic therapy and improving clinical outcomes. 2 This procedure can be performed within the first few hours of the onset of symptoms in patients who also have occlusion of the middle cerebral artery and the basilar artery. 2 However, this method requires further research because intra-arterial therapy has not been proven to improve clinical outcomes.
Although intravenous alteplase is recommended for patients aged .18 years who experience acute ischemic stroke, patients aged .80 years have often been excluded or underrepresented in randomized clinical trials of thrombolysis. Therefore, evidence of the risks and benefits of alteplase use in the very elderly remains quite limited. 2 A prospective, multicenter, national, open-label randomized study was started to demonstrate the efficacy and safety of intravenous alteplase in patients aged .80 years and treated with intravenous rt-PA within 3 hours of an ischemic stroke. 4 Patients treated with alteplase were compared with a control group who received standard treatment according to national guidelines; 4 however, this Italian multicenter study is ongoing, and the results are not available.
This review evaluated the use of intravenous alteplase for treating acute ischemic stroke in the very elderly (aged .80 years) compared with those aged ,80 years. An extensive search in the PubMed database was conducted for articles published from 1950 to 2012, which addressed the safe use of rt-PA in elderly stroke patients aged .80 years.
Efficacy of alteplase in patients aged .80 years Efficacy and safety
In a separate Italian multicenter study, the use of intravenous thrombolysis in patients aged .80 years was evaluated and compared with that in younger individuals to determine the incidence of good functional outcomes 3 months after the stroke. Good outcomes were defined as those with modified Rankin Scale (mRS) scores of 0-2, and poor outcomes included death or dependency (mRS scores of [3] [4] [5] . According to the study results, no difference in the incidence of intracerebral hemorrhage was observed between the groups. Additionally, the positive and negative outcomes of the thrombolytic treatment were not statistically different between the two cohorts after 3 months. Those aged .80 years had a statistically higher mortality rate than the younger group. The National Institutes of Health Stroke Scale (NIHSS) score predicted mortality and poor outcomes in the older group. However, the final outcome of this study suggested that thrombolytic therapy should also be available to elderly patients, ie, those aged .80 years (Table 1) . 5 Pundik et al 6 investigated the possibility of a relationship between brain hemorrhage after intravenous or intra-arterial lysis with alteplase and factors other than an age .80 years. The authors examined the associations between age (.80 years), demographic characteristics, onset to treatment time, severity of neurologic deficits, route of administration, blood glucose levels, and mean blood pressure with symptomatic intracranial hemorrhage after treatment with alteplase. Of these factors, only hyperglycemia was associated with an increased risk of intracranial hemorrhage after alteplase treatment in this patient population. Since the rates of intracerebral hemorrhage were similar for the populations, irrespective of age, the authors concluded that the decision regarding the use of alteplase should not be based only on the patient's age. 6 The authors of another study, the Canadian Alteplase for Stroke Effectiveness Study, 7 arrived at the same conclusion as Pundik et al. 6 Intravenous administration of alteplase was not associated with an increased risk of intracerebral hemorrhage in patients aged .80 years. In this prospective study, age-dependent differences were found only in the clinical symptoms and positive outcomes, defined as mRS scores of 0-1 after 90 days, in the more elderly (.80 years) study population. A multivariate logistic regression analysis showed that age .80 years, stroke severity, baseline Alberta Stroke Program Early Computed Tomography Scores, 7 and blood glucose levels were independent predictors of outcome. Careful selection of elderly patients for thrombolysis with alteplase ensured that the risk of intracranial bleeding was not increased. 7 In a previous study, 8 after acute ischemic stroke, elderly patients demonstrated a higher NIHSS score compared with patients aged ,80 years. As a result, the more elderly (.80 years) patients derived less benefit from the thrombolysis treatment and had increased stroke mortality. Baseline NIHSS score and age were the sole predictors of stroke outcome. However, a threshold value was not found for age and baseline NIHSS score predicting stroke outcome.
To determine the risks and advantages of intravenous thrombolysis in patients aged .80 years who have experienced an acute ischemic stroke, another study compared the outcomes and symptomatic cerebral hemorrhage rates between patients aged ,80 years and those aged .80 years. The study endpoints included mortality and independence, based on a mRS score of 0-2 at 3 months, and symptomatic intracerebral hemorrhage rates. The symptomatic intracerebral hemorrhage rates were based on definitions of a Safe Implementation of Treatment in Stroke (SITS) 10 $4-point deterioration in the NIHSS score within 36 hours, and the number of type 2 parenchymal hemorrhages according to the National Institute of Neurological Disorders and Stroke definitions. 10 The intracranial hemorrhage rates were not statistically significant after adjusting for other risk factors in those aged .80 years compared with the younger individuals. However, patients aged .80 years had a higher mortality rate and reduced independence ( Table 1 ). The rates of symptomatic intra cranial hemorrhage were similar in the two groups. Higher mortality and worse functional outcomes were consistent with the generally poor prognosis seen in the natural history of an older age group. 10 In the past, patients aged .80 years were excluded from randomized controlled studies examining alteplase treatment for acute ischemic stroke. Therefore, post-treatment data for patients aged .80 years are limited in the medical literature. Engelter et al 11 examined the available studies and published the results of a systematic literature search in 2006. The authors compared six studies investigating the outcomes and side effects of intravenous rt-PA in patients with acute ischemic stroke and compared the results for patients aged above and below 80 years. Although the mortality rate was higher in patients aged .80, the incidence of intracerebral hemorrhage, as a treatment complication, was not significantly different between the age groups.
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In 2004, Simon et al 12 analyzed the eff icacy and safety of rt-PA use in patients with acute ischemic stroke and aged .80 years. Although the in-hospital mortality rate, NIHSS score, and incidence of symptomatic intracerebral hemorrhage were higher in older stroke patients, the authors concluded that the more elderly (.80) patients should not be excluded from treatment with rt-PA based on their age alone. 12 In 2011, Sung et al 13 showed that symptomatic intracerebral hemorrhage was not statistically different between those aged above and those aged below 80 years. The baseline NIHSS score and the number of patients discharged were not statistically different for the younger and older patients. Although the older patients could be safely treated with intravenous rt-PA, the authors did not support the routine use of rt-PA in these older patients. 13 With advanced age, patients are at a higher risk of a poor outcome following a stroke. The outcome after acute ischemic stroke was better in patients over 80 years of age following rt-PA treatment than if they did not receive such treatment in the Mishra et al study. 14 The risk of rt-PA intravenous use in the elderly is considered high, but some studies have identified the benefits of alteplase treatment in these patients. Despite the higher mortality rate in patients, the symptomatic or fatal intracerebral hemorrhage and the recanalization rates after rt-PA treatment did not differ between patients older and younger than 80 years of age. 15 Higher rates of neurologic improvement and positive clinical outcome were found among acute ischemic stroke patients aged .80 years treated with rt-PA compared to those who did not receive thrombolytic treatment. These authors recommended the use of rt-PA to treat older patients, after individuals for whom treatment was contraindicated were excluded. 15, 16 Longstreth et al found that patients over 80 years old were 2.87 times more likely to experience symptomatic intracerebral hemorrhage after treatment with rt-PA than were younger patients. 17 However, a different study found a beneficial outcome for alteplase treatment in the older population. 18 The in-hospital mortality rate did not increase among patients aged .80 years and treated with rt-PA. However, advanced age (.80 years) was an independent predictor of mortality and a less favorable functional outcome after an acute ischemic stroke. Although the outcomes for patients in this age group were poor, the results of a previous study showed that an equal ratio of patients in this age group demonstrated earlier neurological improvement after treatment with rt-PA compared to their younger counterparts. 19 Henriksen et al 20 found similar results after patients aged .80 years who had experienced acute ischemic stroke were treated with rt-PA. The authors found that advanced age could be an independent risk factor for intracerebral hemorrhage and mortality after alteplase treatment, but the treatment did not affect good functional outcomes. Therefore, the authors proposed alteplase therapy for patients in this age group who experience acute ischemic stroke. 20 Another study demonstrated that early alteplase treatment for patients aged .80 years appeared to be safe and effective, with those treated early recovering rapidly, showing an improvement in their NIHSS scores in 3 days, and demonstrating continuous improvement in the Barthel index. However, several elderly patients were excluded from the submit your manuscript | www.dovepress.com alteplase treatment protocol for unexplained reasons. These results, although requiring careful interpretation, suggest that alteplase treatment could be used in a community setting. 21 Following a report by Bray et al 22 in 2012, alteplase therapy has been more frequently administered to elderly stroke patients in England. Patients aged .80 years did not demonstrate an increased risk for severe complications following an acute ischemic stroke and alteplase treatment compared with younger patients, but the mortality rate was higher in the older group of patients. 22 
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Dementia
Busl et al 1 investigated dementia as a possible cause for refusing intravenous treatment with alteplase. In their study, all patients aged .80 years were enrolled after intravenous or intra-arterial thrombolytic therapy with rt-PA at a single institution. Data regarding existing cardiovascular risk factors and dementia were collected from the medical records of each patient. For this study, a patient was considered to have dementia if such a diagnosis was recorded in the medical history or the patient was receiving medical treatment for dementia. The primary study endpoint was in-hospital mortality, and the secondary endpoint was the destination following hospital discharge, eg, home or a rehabilitation facility. Destinations that included a nursing home, hospice, or death were considered unfavorable. Among the included patients, approximately more than two-thirds received intravenous alteplase, one-third received intra-arterial rt-PA, and a small number received both. The likelihood of death was associated with higher NIHSS scores, administration of intra-arterial reperfusion therapy, and the presence of dementia, but decreased with administration of intravenous rt-PA treatment. Increasing NIHSS scores and the presence of symptomatic intracranial hemorrhage, intra-arterial thrombolytic therapy, and dementia decreased the likelihood of a favorable discharge destination. In a multivariate analysis, only the NIHSS score and dementia independently predicted death and an unfavorable discharge destination (Table 1) . Therefore, dementia seems to be a powerful independent predictor of in-hospital mortality following acute ischemic stroke, regardless of thrombolytic therapy. 1 
Pretreatment severity
According to the European Medicines Evaluation Agency, thrombolysis for acute ischemic stroke patients aged .80 years is not permitted in some countries due to limited safety and efficacy data. The effect of age on thrombolysis was examined in a neuroprotection study. Mishra et al 
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Yayan compared patients who underwent and those who did not undergo thrombolysis as control regarding pretreatment severity (baseline NIHSS score), 90-day outcomes (mRS and NIHSS scores), and distribution of mRS scores, and used the Cochran-Mantel-Haenszel test and then the logistic regression, after adjusting for age and baseline NIHSS scores. According to the median baseline NIHSS scores, neurological symptoms were more severe in patients who underwent thrombolysis than in those who did not undergo thrombolysis; however, the mRS score distribution was better among patients who received thrombolytic therapy. This association occurred in younger and older patients ( Table 1 ). The odds ratios were constant across all age deciles for more than 30 years, and the results, based on the NIHSS and dichotomized mRS scores, corroborated these findings. The outcomes for patients receiving thrombolysis treatment were significantly improved compared with those of control subjects. Despite the anticipated worse outcomes among the older patients compared to the younger patients, an association between thrombolysis and improved outcomes was observed in the very elderly. Therefore, age alone should not be a contraindication for thrombolysis therapy according to statements by the authors of this study. 23 
Elderly patients in developing countries
The mortality rate and burden after a stroke are high in developing countries due to many reasons. The number of stroke patients who receive rt-PA therapy is very low in developing countries. Financial problems, prehospital delay, and poor infrastructure are additional obstacles to thrombolytic therapy in developing countries. Therefore, elderly patients may be an important group in which new treatments for acute ischemic stroke should be considered, in particular in developing countries. A study investigated the use of alteplase in elderly Brazilian patients with acute ischemic stroke and compared the neurological presentation, imaging results, and occurrence of intracranial hemorrhages between those aged above and below 80 years of age, after treatment with alteplase. Higher prevalence of the female sex and a higher number of cases of previous transient ischemic attacks were observed in those aged .80 years. This age group also had elevated systolic blood pressures and higher NIHSS scores, whereas younger patients had higher serum glucose levels ( Table 1) . The rate of symptomatic cerebral hemorrhage was higher, but not statistically significant, in those aged .80 years. Among them, 6.6% achieved a positive outcome after 90 days, which was assessed after mRS score #1, while a lower proportion of younger patients had the same outcomes. The outcomes were significantly worse among older patients diagnosed with an anterior circulation stroke, compared with younger patients with a similar diagnosis. Similarly, those aged .80 years had higher NIHSS scores, hypoattenuation in more than one third of the middle cerebral artery territory, and initial Alberta Stroke Program Early Computed Tomography scores of #7. The results of this study support the use of alteplase in stroke patients aged .80 years who present early to hospitals in developing countries. 24 
Age-related differences
Previous studies have demonstrated a smaller benefit of alteplase in elderly patients, which may partially be due to increased stroke severity and higher preexisting stroke disability. 25, 26 Moreover, as expected, the outcome after stroke tends to be worse in elderly patients. Thus, age-related differences were examined among patients with acute ischemic stroke, regarding patient demographics, performance standards, time trends, and early clinical results in a large, contemporary cohort. The associations between age and clinical characteristics and outcomes noted in the hospital were analyzed in ischemic stroke patients from 1,256 hospitals in the Get With The Guidelines ® -Stroke program 27 from 2003 to 2009; data were analyzed according to age groups and in 10-year periods. Seven preset ratios and two summary measures were also investigated in this study. Elderly patients were more likely to have preexisting atrial fibrillation or hypertension. This group included fewer Caucasians, Hispanics, and smokers; in addition, there were slight differences between the age groups. Improvements in treatment were seen in the performance standards from 2003 to 2009 in each age group, and many age-related treatment gaps were almost completely eliminated during this time period. Fewer elderly patients were discharged from the hospital to home, and in-hospital mortality increased for each 10-year age increase ( Table 1) . The neurological symptoms and mortality rates in the elderly patients were different from those in the younger patients. In acute ischemic stroke patients, performance-based treatments improved outcomes over time in all age groups, ultimately resulting in smaller age-related treatment gaps. 27 The benefit of intravenous rt-PA administration in elderly aged .80 was demonstrated in another recent large study with more than half of the stroke patients aged .80 years. The results of this study showed no significant difference in the effect of treatment with rt-PA compared to the younger control groups aged ,80 years. Elderly patients .80 years benefited more from treatment with rt-PA than those who did not receive rt-PA treatment in this trial.
Sex differences
Sex differences in alteplase treatment for ischemic stroke were compared for elderly and younger patients in a recent study. 29 The outcomes were NIHSS scores at 1 hour, 24 hours, and 7 days after rt-PA treatment. After 90 days, outcomes were also examined using the mRS, symptomatic cranial hemorrhage, and mortality. Logistic regression was applied to the baseline NIHSS scores, which were determined to be independent predictors of positive outcomes; the same association was not evident for sex or age .80 years (Table 1 ). This study also found that clinical improvement, mortality, and intracranial hemorrhage were not associated with age or sex in treatments involving alteplase. Therefore, age and sex were not observed to affect the efficacy of alteplase in treating acute ischemic stroke. 29 
Intra-arterial fibrinolysis
Intra-arterial fibrinolytic therapy is an exciting off-label treatment for acute ischemic stroke. However, few data are available about this novel therapy in the elderly. One of the studies investigated the use of intra-arterial fibrinolysis therapy in elderly patients following acute ischemic stroke. Demographic data, complications, and outcomes were compared for an elderly group and a control group of younger counterparts over a study period of 9 years. Significant differences were not evident in patient demographics, and the patients demonstrated similar pretreatment NIHSS scores. The groups differed only in their past history of strokes or transient ischemic attacks and weight. Between the elderly and younger patients, no significant differences were found in the recanalization in thrombolysis in myocardial infarction rates, major symptomatic hemorrhages, or intracerebral hemorrhages. At 90 days, lower rates of good functional outcome and survival were noted in the elderly (Table 1) . Thus, intra-arterial fibrinolysis can be performed in elderly patients with the same expected cerebral hemorrhage and recanalization rates as in younger patients. Although mortality rates were higher in the elderly group, and good functional outcomes were better in the younger control group, this study nevertheless argues for considering intra-arterial fibrinolysis in elderly patients. 30 Intra-arterial therapy with rt-PA in patients was compared to intravenous treatment with rt-PA after acute ischemic stroke in patients aged .80 years and those aged ,80 years. Patients aged .80 years had higher in-hospital mortality, regardless of the type of therapy administered. However, the intra-arterial therapy did not demonstrate an increased risk of in-hospital mortality compared with intravenous thrombolysis in the older patients. 31 Different data exist for intra-arterial thrombolytic therapy in stroke patients aged .80 years. These elderly patients had worse outcomes after intra-arterial therapy with alteplase due to the severity of the stroke. Intra-arterial alteplase should be considered after careful evaluation of the risk and benefit in elderly patients. 32 In addition, a recently published controlled trial showed no benefit of endovascular acute stroke therapy compared to rt-PA administered intravenously for patients with acute ischemic stroke. This study had to be prematurely interrupted because endovascular treatment did not yield any better results than the intravenous administration of rt-PA. 33 According to the results in recent published reports, several trial outcomes showed that intravenous treatment with rt-PA was superior to intra-arterial fibrinolytic therapy and that intra-arterial treatment should be considered only in patients aged .80 years contraindicated for intravenous therapy with rt-PA. 33, 34 Severe hemorrhagic complications Little clear information is available regarding the safety and efficacy of alteplase in treating acute ischemic stroke in patients aged .80 years. A study 35 examined the outcomes and severe hemorrhagic complications in this population using data from three German stroke centers. The stroke severity was evaluated using the NIHSS scores, and a positive outcome after alteplase was defined as a mRS score of 0-1. Patients who experienced severe intracerebral bleeding as a complication of alteplase underwent follow-up magnetic resonance imaging or cranial computed tomography. Of the patients who received intravenous alteplase for an acute ischemic stroke, 16% were aged .80 years. There were no significant differences in the NIHSS scores upon admission or in the onset of alteplase treatment time between the younger and older patients. The elderly patients had fewer positive outcomes compared to the younger group and had a higher mortality rate. However, significant differences were not observed in the parenchymal hemorrhage and symptomatic intracerebral hemorrhage rates for these groups (Table 1) . Despite similar intracranial bleeding rates, the elderly patients experienced worse outcomes. Nevertheless, no evidence demonstrated more complications due to alteplase in elderly patients aged .80 years. Therefore, this study suggests that age should not be an exclusion criterion for alteplase treatment for acute ischemic stroke. 
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Efficacy of alteplase in patients over 90 years of age Although the risk of stroke increases with age, some physicians remain cautious about administering thrombolytic therapy to very elderly patients who experience an acute ischemic stroke. Mateen et al 36 were the first to examine alteplase treatment in patients aged .90 years, using retrospective data from four medical centers between 1999 and 2008. The authors examined clinical neurological symptoms, complications, and outcomes of patients with acute ischemic stroke after alteplase treatment. The study included eleven women, with age ranging from 90-101 years. The range of time to alteplase treatment was 90-180 minutes. The patients had a range of NIHSS scores of 5-28. Nearly all patients were mobile before the stroke (median mRS score, 1; median Barthel Index score, 95); only one patient had minimal movement restrictions. After 30 days of observation, two patients had a positive outcome, and two others had slight disabilities. The majority of patients died or had severe mobility problems, and three had asymptomatic cerebral hemorrhages (Table 1) . Thus, alteplase treatment did not appear to improve outcomes. 36 However, better results were obtained with alteplase treatment in patients with acute ischemic stroke aged .90 years in another recently published study. 28 In this study, 111 patients with acute ischemic stroke aged .90 years were treated with rt-PA. The majority of patients aged .90 years benefited from treatment with rt-PA within the 3-hour treatment time frame in this study.
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Conclusion
The proportion of elderly patients experiencing strokes is approximately 30%. Nonetheless, they receive suboptimal acute therapy and management. Elderly patients should be treated in a stroke unit instead of a general ward, and early rehabilitation is warranted for these patients. Aspirin should be administered to elderly stroke victims within 48 hours of symptom onset to reduce recurrence and mortality. Age alone should not be considered a contraindication for administering intravenous alteplase. Instead, the benefits and risks should be weighed to determine the best course of treatment for the individual patient. In addition, coordinated clinical procedures will help ensure the care of elderly stroke patients. 37 Advanced age should not be a contraindication for alteplase treatment in patients who have suffered an acute ischemic stroke. Instead, the attending physician should decide on the course of treatment on a case-by-case basis, carefully weighing the risks and benefits of thrombolytic therapy for each patient. For example, dementia can affect the outcome following alteplase treatment. The incidence of adverse effects such as intracranial bleeding as well as the severity of acute cerebral ischemia may increase with age. However, some studies have shown that serious complications such as heavy intracranial bleeding due to alteplase were not significantly increased in elderly patients. The use of alteplase in elderly acute ischemic stroke patients can also be applied in developing countries. Furthermore, there is no evidence of sex-or age-related complications associated with the use of alteplase. In patients aged .90 years, alteplase treatment did not improve outcomes relative to untreated patients. However, intra-arterial fibrinolysis should be considered only in extremely carefully selected patients aged .80 years, since the benefits are not clear even in younger patients. As poststroke life expectancies have improved in recent decades, alteplase should not be categorically denied to elderly patients with acute ischemic stroke, based solely on patient age. Because the threshold of 80 years is arbitrary for thrombolysis, physicians should weigh the risks and benefits of intravenous alteplase to treat acute ischemic stroke in elderly patients on an individual basis.
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